Ciprofloxacin, Erythromycin and Norfloxacin are potent anti-microbials. These antibiotics, besides affecting bacteria, also exert toxic effects on mammalian cells. The present work was undertaken to study the effect of these antibiotics on the osmotic fragility profile of erythrocytes and the protective role played by vitamin supplementation, which exerts a stabilizing effect on the erythrocytes making them more resistant to lysis under hypotonic stress. The protective effect of β-carotene and L-ascorbic acid was significant (p < 0.01) at 0.1 mM and 0.01 mM concentrations. No significant effect was observed at lower concentrations. The free radical scavenging activity and effect of these vitamins on membrane fluidity and permeability may explain the protective role against the damage induced by the antibiotics on the erythrocytes membrane.
protective effects on erythrocytes. The vitamins, apart from their nutritious value, also play a major ___________________________________________ # CIMAP Communication No. 2005 -37J role in protecting against erythrocyte damage caused by, for example, cataract, thalasemmia, hypochlorous acid-induced oxidative damage [6] , mastitis in cow [7] , and neoplastic diseases [8] . The vitamin supplementation has been shown to protect erythrocytes against chronic fluoride toxicity [9] and to be anti-diabetic in streptozotocin-induced diabetic mice and rats [10] . The vitamins have a major role in the treatment of many ailments, like pulmonary tuberculosis, anemia and leukemia [11] . The present study was undertaken to study the modulating effect of the vitamins on antibiotic-induced alterations in the osmotic fragility profile of erythrocytes.
The osmotic fragility profiles of normal (control), in-vitro antibiotic (s) treated, and antibiotic (s) plus vitamin (s) treated erythrocytes are shown in Figures 1a and 1b respectively. In-vitro treatment of erythrocytes with antibiotic (s) resulted in an altered osmotic fragility profile of the erythrocytes, which is evident by the shift of the curve to the right and an increase in MEF values, representing more lysis of the cells. However, supplementation of the erythrocytes with L-ascorbic acid and β-carotene showed a pronounced protective effect against the antibiotics on the osmotic fragility profile. The MEF 25 , MEF 50 , and MEF 75 values of normal (control), in vitro antibiotics treated and antibiotics with vitamins treated erythrocytes are tabulated in Table 1 .
Antibiotics like adriamycin [13] , mefanamic acid [14] , and nystatin [15] have been reported to alter the erythrocyte cell membrane, thereby increasing fragility and hemolysis. Erythromycin causes cardiac toxicity [16] as well. Vitamin supplementation has been reported to prevent damage by lipoperoxidation of erythrocyte membranes during hyperbaric oxygenation [17] , lipoic acid, sulfur dioxide inhalation [18] , and pyrethroids [19] Osmotic fragility of erythrocytes depends on various factors like oxidative stress, water movement into the cells, cellular age [20] , cell shape [21] , individual age [22] , and membrane lipid composition [23] . The antibiotic induced stress on the erythrocyte membrane is smaller than that of many substances reported earlier All the treatments of antibiotics except 0.001 mM Erythromycin were found to cause significant damage (p < 0.01) as compared to control. Similarly, β-Carotene and L-Ascorbic acid in combination with antibiotics (except those marked with **) showed significant protection (p < 0.01) as compared to antibiotic treatment alone. [ 24, 25] . The interaction of antibiotic with the erythrocyte cell membrane causes lipid, protein and carbohydrate oxidation reactions, thereby rupturing the cell membrane and damaging the cell. The erythrocyte membrane damage caused by the antibiotics is attributed to the formation of large non-selective perforations in the erythrocyte membrane, leading to the formation of selective channels, which lead to permeability and colloid osmotic hemolysis. This permeation forms long aggregates inside the erythrocyte membrane and both low and high molecular weight components (for example, hemoglobin) pass out of the erythrocyte, thus leading to disruption and damage [26] .
Erythrocyte membrane damage by antibiotics has also been reported to be caused by oxidative stress [27] , loss of phosphatidyl serine asymmetry [28] , and oxidation of proteins and lipids on the membrane surface [29] . The distribution of quinolone antibiotics (ciprofloxacin and norfloxacin) to erythrocytes is very rapid, probably due to a high permeability of the erythrocyte membrane to these drugs [30] . The vitamins, when added along with the antibiotics, form a protective coat over the erythrocyte cell membrane, thereby limiting the permeability of these drugs, thus preventing the fragility and hemolysis of the erythrocytes. The protective effect of vitamins may be explained by the free radical quenching (scavenging) anti-oxidant properties of the vitamins, which help in preventing the damage caused by the antibiotics.
The observed increase in osmotic fragility of the erythrocytes caused by antibiotics is an indicator of stress to the cells. Our observation of the decrease in osmotic fragility and the protection of erythrocytes against this stress condition by vitamins is a convincing reason to suggest that during antibiotic (erythromycin, ciprofloxacin and norfloxacin). uptake, dietary vitamin supplementation would be highly beneficial to reduce the stress condition and concomitant damage to the erythrocytes. However, further work is needed to understand how vitamins and antibiotics interact and affect the fluidity and permeability of the erythrocyte membrane.
Experimental

Collection of blood:
Retino-orbital blood from healthy mice (Mus musculus) was collected for experiments using Heparin (10 units/ml) as the Table 2 .
Determination of osmotic fragility of erythrocytes:
Experiments were carried out in-vitro by adding heparinized blood to hypotonic solutions of varying concentrations of phosphate buffered saline (0.85% -0.10%). Phosphate buffered saline stock (10%) was prepared by dissolving 5g of sodium chloride (Hi Media), 1.3655g of disodium hydrogen orthophosphate (Hi Media) and 0.243g of sodium dihydrogen orthophosphate (Hi Media) in 100ml of autoclaved double distilled water. From this stock, working standards of 0.85% -0.10% were prepared. The tubes were incubated at 37º C for 60 minutes with mild shaking and the extent of hemolysis was measured colorimetrically at 540nm [12] . Also, L-ascorbic acid and β-carotene were added along with the antibiotics at a final concentration of 1mM to 1µM. Results are expressed in terms of mean erythrocyte fragility (MEF 25 , MEF 50 , MEF 75 ), which are the levels of hemolysis of the erythrocytes at saline concentrations of 25%, 50% and 75%, respectively.
Statistical analysis:
Statistical analysis of the data was performed by employing ANOVA and the Student't' test; a probability of < 0.01 was taken as significant. 
Acknowledgments
